Objective/background-Increasingly, reports show that compliance rates with endovascular aneurysm repair (EVAR) surveillance are often suboptimal. The aim of this study was to determine the safety implications of non-compliance with surveillance.
Introduction
Despite endovascular aneurysm repair (EVAR) being the modern preferred first choice for repair of abdominal aortic aneurysms (AAA),1,2 studies show that re-interventions after EVAR are common and are undertaken in around 20% of patients within 5 years.3,4 Consequently, guidelines from learned societies recommend lifelong annual imaging in order to identify and treat aortic complications to prevent aneurysm rupture and death. [5] [6] [7] However, published population and observational studies show that patients are not always compliant with their surveillance programmes.8,9 A number of studies have attempted to evaluate patient characteristics that may be associated with poor compliance rates. 8, 10 Despite this, little is known about the consequence of non-compliance with surveillance. Thus, a systematic review and meta-analysis was undertaken to study the implications of non-compliance with EVAR surveillance programmes. The primary outcomes were overall compliance, all cause mortality (ACM), and re-intervention rates and the secondary outcome was aneurysm related mortality (ARM).
Methods
The study was carried out according to the Preferred Items for Reporting of Systematic Reviews and Meta-Analyses (PRISMA) guidelines.11 An electronic search was undertaken by two independent authors using the Embase, Medline, and Cochrane databases from 1990 to July 2017. Studies that assessed the compliance rate with surveillance after EVAR and analysed the relationship of re-intervention and mortality rates with compliance rates were identified. The search terms (including medical subject sub-headings) "abdominal aortic aneurysm","aneurysm","AAA","EVAR","endovascular repair", "compliance", "surveillance", "follow-up", and "survey" were used in combination with Boolean operators AND or OR. The reference lists of articles obtained were investigated to identify relevant citations. Conference abstracts from major vascular meetings, when published online, were also scrutinised through the Web of Science database (full search history is available in the Supplementary Material).
Inclusion criteria encompassed all studies describing endovascular repair of infrarenal AAA. The studies needed to have a definition of non-compliance described as weeks or months without imaging surveillance. Exclusion criteria included non-English language papers, thoraco-abdominal aortic aneurysm repair, suprarenal AAA, fenestrated grafts, parallel grafts, iliac aneurysms, and patients treated with the endovascular aneurysm sealing technique.
Studies that provided follow-up data using statistical methods for survival analysis were used for comparative meta-analyses of ACM and re-intervention rates. Quality assessment was carried out independently by two authors using Grading of Recommendations, Assessment, Development and Evaluations (GRADE),12 and differences were resolved through discussion between the two authors. Outcome data were obtained from at risk scores provided with the tables and graphs when available, but if not, data were extracted from Kaplane-Meier curves. Attempts were made to contact the authors whenever data required were not readily available.
ARM was standardised by Chaikof et al. as deaths secondary to aneurysm rupture, EVAR to open conversion, and the index or secondary procedure (see Table 7 ).13
As different institutions and studies used different definitions for non-compliance, a laxity index was developed by the authors at the outset of the study. The laxity index is a measure of the stringency of the studies' definition of non-compliance. The laxity index was based on the number of scans missed and the number of months without imaging. A laxity value (from 0 to 1) was attributed to studies. A low laxity index suggests a very rigid application of the surveillance protocol, such that minimal deviation was labelled as non-compliance (detailed explanation is available in the Supplementary Material).
Statistical analysis
Statistical analysis was carried out using 'R package meta-for'. Random effects metaanalyses were performed using restricted maximum likelihood estimation.14 The metaanalysis for the non-compliance rates was performed using the observed rates and standard methods for a non-comparative proportion. For four of the papers,8,15-17 reported longerterm compliance rates were used to determine the necessary outcome data.
The comparative meta-analyses of ACM and re-intervention rates were performed at five time points (1, 2, 3, 4, and 5 years) after intervention. The outcome data were empirical logodds ratios (ORs) that compare the all cause mortality and re-intervention rates of the compliant and non-compliant patients. In order to include outcome data where KaplaneMeier curves indicated that the event rate was negligible, the corresponding outcome data were analysed using the rate where half a person had experienced the event. Random effects meta-analyses were done using standard methods, where a conservative sample size was used for calculating the within study variances, so that censoring resulted in the maximum possible loss of information.18 This sample size calculation requires the number at risk at each time point. Most papers gave these or values at adjacent time points that could be used for interpolation. Where numbers at risk were not given in study reports, for the purposes of calculating within study variances, the sample sizes were reduced by the average percentage reduction across the other studies that contribute to the analysis. Pooled estimates were transformed to the OR scale, where an OR that is > 1 indicates that the mortality or reintervention rate is higher in compliant patients. To account for confounding factors, matched cohorts were used where possible. This included the studies by Garg et Five random effects meta-regression models were fitted where the overall survival log-ORs were regressed on the laxity index. Here the regression coefficient is a log-OR that is associated with a change in the laxity index from its minimum (0) to its maximum (1) . A positive regression coefficient indicates that a greater laxity index is associated with larger ORs. A single comparative meta-analysis of the rates of ARM was performed. Here a random effects meta-analysis was performed, using empirical log-ORs as outcome data, and as in the other comparative meta-analyses.
For three studies,16,20,21 Kaplane-Meier curves for "non-compliant" groups and "lost to follow-up" were provided separately. It was agreed that, although the "lost to follow-up" group is a more non-compliant group, this particular survival curve would not be analysed for meta-analysis. This decision was taken as this provides a more conservative analysis and avoids statistical issues involved in reconstructing Kaplane-Meier curves de novo (which would be a combination of non-compliant and lost to follow-up). Thus, the results produced will be more transparent and easily reproducible.
Elective and emergency cases of AAA repair could not be distinguished to statistically assess the impact of survival and re-intervention rate. Thus, the statistical outcomes do not refer to elective or rupture patients independently.
In the study by Hicks et al., 16 an assumption was agreed by the authors, whereby patients who had telephone follow-up were considered as non-compliant, whereas patients who attended clinic for follow-up were considered as compliant. This was done in order to resemble the current real world scenario where patients physically attend follow-up sessions. Given that the recorded follow up in the Vascular Quality Initiative register is only for 1 year after EVAR, a sensitivity analysis for all cause mortality excluding the study by Hicks et al. was carried out.16
Results
After screening, the literature search identified 31 articles that discussed compliance after EVAR. Of these 31 articles, 18 were excluded for various reasons (Fig. 1) .9,10,22-37 Of the 13 articles that were suitable for systematic review,8,15-17,19-21,38-43 seven studies were eligible for comparative meta-analysis of ACM.16,19-21,40-42 Three were eligible for comparative meta-analyses of re-intervention rates after EVAR,19,40,42 whereas four studies were eligible for random effects meta-analyses of ARM. 19, 20, 41, 42 The study by God-frey et al.,38 despite providing a survival analysis curve, was not eligible for inclusion in meta-analysis owing to a different definition of non-compliance as compared with other papers. This was confirmed when the corresponding author was contacted.
Primary outcomes
Compliance-Using the seven studies that contributed to the comparative meta-analysis, the estimated average non-compliance rate (according to the papers' specific criteria for determining this) was 42% (95% confidence interval [CI] 28-56% [26,622 patients: 15,255 compliant; 11,367 non-compliant]) (Fig. 2 ). This finding is consistent even if the noncompliance rates of the other four studies were included, where the non-compliance rate was 38% (95% CI 27-48%), (40,730 patients: 22,971 compliant; 17,759 non-compliant) (Fig. 2 , Table 1 ). Overall quality of evidence is "moderate" ( Fig. 3 ). Overall quality of evidence is "moderate" ( Table 2) . 12 ACM and laxity index-Meta-regressions generally suggest that larger laxity indices are associated with larger ORs for overall survival (Tables 4 and 5 , Figs. S11-S15). This observation strengthens the conclusions that ACM may be higher in more compliant patient groups, although no regression was statistically significant. Fig. 4 ). Overall quality of evidence is "low" (Table 2 ).12 Secondary outcome AAA related mortality-In total, 12,995 patients (5890 compliant and 7105 noncompliant) contributed to this analysis. Although there is some evidence that the rate of ARM is higher in compliant patients, this was not statistically significant (OR 1.47, 95% CI 0.99-2.19; p = .06) ( Tables 7 and 8 ). Overall quality of evidence is "very low" ( Table S3 ). These results were sensitive to the decision of whether or not to include this study.
Re-intervention after EVAR-In

Discussion
This study highlights the wide variation in published rates of compliance with surveillance after EVAR and confirms the previously published reports of lack of adherence to surveillance programmes. 8, 19 Despite the recommendation by international guidelines that EVAR surveillance is mandatory, it was found in the present review that only around 60% of patients are compliant with their surveillance programmes.
The safety implications of non-compliance have previously been ill defined. Although there was no statistically significant difference, the present results suggest that compliant patients may have higher ACM rates than noncompliant patients. However, the current analyses do not imply any causal link between surveillance and survival, and, as a result, the authors recommend that this finding be interpreted with caution and not be taken at face value.
Potential reasons for this result are likely to be multi-factorial. This may be because sicker patients have more imaging for unrelated problems and therefore show a higher rate of overall mortality in the compliant group. This phenomenon was highlighted in a multicentre European study and a US population based study.19,41 However, in the study by Schanzer et al., 8 Medicare patients with comorbidities and cardiovascular risk factors were more noncompliant. The authors hypothesised that patients with competing medical pathologies become less inclined to attend EVAR surveillance. Subsequently, given the observation of different attitudes by patients with a high comorbid status, it may indicate that surveillance programmes need to be tailored according to the catchment population.
The mode of presentation to imaging surveillance could potentially explain the results of this meta-analysis. The study by Karthikesalingam et al. showed that around 60% of patients who had re-intervention presented with symptoms,4 whereas the systematic review by Nordon et al. showed that >90% of patients presented with symptoms.3 Thus, patients who were asymptomatic and potentially healthier were less likely to attend surveillance. This may explain the trend of better survival rates in non-compliant patients and why complications were noted to be higher in compliant groups.21,41 Kret et al. analysed a mixed cohort of treated aortic pathologies and observed that complications were higher in the compliant group,9 which is in line with the results of this review.
The present study showed that the re-intervention rate was statistically significantly higher in compliant patients for years 3-5 after EVAR. In contrast to this outcome, despite no difference in re-interventions or endoleak, Jones et al. noted a significantly higher rate of major complications in non-compliant patients. Major complication was defined as any complication requiring urgent surgery; however, no definition was provided for reintervention. This contrasts with the study by Garg et al.,19 whereby the statistical difference between the two groups persisted, even when all complications, including late rupture or re-intervention, were analysed together. The results of this meta-analysis do not come as a surprise, as the aim of surveillance is to identify asymptomatic complications to allow re-intervention in order to prevent ARM.
The present study indicates that while compliant patients had higher rates of re-intervention, compliance with surveillance was not associated with a lower ARM. This raises a number of issues, one being whether the increased reintervention rate in compliant patients is reflected in the observed trend of increased overall mortality and ARM in compliant patients. As a result, more questions arise as to whether EVAR surveillance is potentially causing unnecessary treatment with the possibility of iatrogenic harm. Another issue is whether the aim of EVAR surveillanced-that of detecting and treating asymptomatic sac size increase before causing ARM-is being reached. However, the authors acknowledge that this paper did not study the causality between these outcomes.
This meta-analysis indicates that re-intervention rates for both groups during the first 2 years after EVAR, is very low. Similarly, death events at 1 year after EVAR are low. Hicks et al. also showed that non-compliance with surveillance during the first year after EVAR had a detrimental effect on survival and explains why inferences are sensitive to the inclusion or exclusion of this study. 16 Apart from this observation, as there is no statistically significant difference in mortality between the two groups during the first 5 years after EVAR, and given that some published studies show that few asymptomatic complications are detected at surveillance,4,9 this study potentially highlights the benefit of risk stratification of EVAR surveillance after the first year of surveillance. Although it is not the remit of this study to discuss ways of stratification, a model developed by this institution (St George's Vascular Institute score44) stratified patients into high and low risk for developing complications using their preoperative aortic sac size and iliac diameter. Bastos Gonçalves et al. showed that patients with early sac shrinkage, adequate EVAR seal and no endoleak during the first year after EVAR have low risk of late complications.45,46 As a result, resources could be directed to improving and encouraging compliance in high risk patients while subjecting asymptomatic and low risk patients to lower risks of radiation exposure and nephrotoxic effects without the increased risk of re-intervention and mortality.47,48
Limitations
Different studies had different definitions for non-compliance, whereas some studies grouped non-compliant and lost to follow-up patients together.40 An attempt to reduce this limitation effect was carried out through the introduction of the laxity index for noncompliance. Although meta-regression analyses perform better if the number of studies analysed is ≥ 10,49 meta-regression analysis was carried out to further assess whether compliance is associated with ACM. The meta-regressions using the laxity index, despite their limitations, generally support the findings of the meta-analysis.
Another limitation is the way compliance data were collected by different authors. The studies by Schanzer et al. and Garg et al., 8, 19 which had the largest cohort of patients, included any imaging modality which captured EVAR. Thus, one may question whether the imaging of some patients was actually surveillance imaging. This may infer that overall noncompliance with surveillance may actually be higher than 42%.
Four studies analysed ARM. This event was rare and only a small number of studies provided data, so methods for meta-analysis cannot be expected to be very accurate in this situation.
Another limitation is that definitions used for complications and re-intervention varied between studies. From the three studies that provided Kaplane-Meier curves for analysis of re-intervention, two used the term re-intervention for AAA complications,19,42 whereas the study by Jones et al. tried to differentiate between the two terms. 40 Despite difficulty with this definition, the authors feel that this should not bias the result of the meta-analysis as the study by Garg et al. had a very large patient cohort compared with the study by Jones et al. 27, 30 This was further confirmed by the EUROSTAR registry,41 which showed significantly fewer endoleaks, graft migrations, and transfemoral secondary interventions in noncompliant patients.
A further limitation is the lack of adjustment for significant confounders across all outcomes. Elective and emergency cases of AAA repair could not be distinguished to statistically assess the impact on survival and reintervention rate. However, this may not have biased the results as the population based study by Schanzer et al. and the Medicare population study by Garg et al. showed that patients who had emergency rupture were more likely to be non-compliant. 
Conclusion
This study suggests that although surveillance is associated with an increased rate of reinterventions, it does not appear to be associated with improved survival. Thus, improved evidence based surveillance programmes are urgently required.
What this paper adds
Surveillance imaging is considered mandatory after endovascular aneurysm repair (EVAR), but many patients are either non-compliant or lost to follow-up, and the impact of this is poorly understood. This review highlights and confirms the great variability in published EVAR surveillance compliance rates. This study also suggests that although compliance may be associated with increased re-interventions after EVAR, surveillance does not appear to confer a survival advantage to compliant patients in the first 5 years after EVAR. Grima Meta-analysis of proportions of non-compliance. Meta-analysis of proportions of noncompliance to endovascular aneurysm repair surveillance using data from the seven studies eligible for comparative meta-analysis, termed "main studies", was carried out. An overall meta-analysis of proportions of non-compliance using the data from all the studies in the systematic review (even if not eligible for comparative meta-analysis) was carried out. The overall result is shown next to the "model for all studies". Table 1 Meta-analysis of proportions, along with definitions of, non-compliance and the overall compliant and non-compliant numbers in each study. Meta-regression analysis of all cause mortality using the laxity index. Table 6 Comparative meta-analyses of re-intervention. 
